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Abstract
· AIM:Todeterminetheeffectsoflaserphotocoagulation
on serum levels of angiopoietin-1 (Ang-1),
angiopoietin-2 (Ang-2),solubleangiopoietinreceptor
Tie-2 (Tie-2),Ang-1/Ang-2ratioandvascular
endothelialgrowthfactor (VEGF)inpatientswithtype2
diabetes mellitus (T2DM) and proliferative diabetic
retinopathy(PDR).WealsoexploredtheroleoftheAng/
TiesysteminPDR.
· METHODS:Totally160patientswithT2DM,including50
patientswithnon-diabeticretinopathy(NDR),58patients
withnon-proliferativediabeticretinopathy (NPDR),and
52patientswithPDRwereenrolledinthisstudy.Serum
Ang-1,Ang-2,Tie-2receptorandVEGFlevelswere
measuredusingenzyme-linkedimmunosorbentassays
forallpatientsandwererepeatedin26patientswho
underwentlaserphotocoagulationtwomonthsafterthe
procedure.
· RESULTS:ThemedianlevelsofAng-2andVEGFinserum
weresignificantlyhigherintheNPDRgroup(4.23ng/mL
and303.2pg/mL,respectively)comparedtotheNDRgroup
(2.67ng/mLand159.8pg/mL,respectively, <0.01),with
thehighestlevelinthePDRgroup (6.26ng/mLand
531.2pg/mL,respectively, <0.01).Themedianlevelof
Ang-1wassignificantlyhigherintheNPDRgroup(10.77
ng/mL)comparedtotheNDRgroup(9.31ng/mL)andthe
PDRgroups(9.54ng/mL)(<0.05),whilenodifference
wasobservedbetweenthePDRandNDRgroups.Ang-1/
Ang-2ratioofPDRgroupwaslowestinthreegroups(1.49
2.69and2.90,both <0.01).ThemedianlevelofTie-2
wasnotsignificantlydifferentamongthreegroups( >0.05).
Ang-2waspositivelycorrelatedwithVEGFandTie-2in
thePDRandNPDRgroups(both <0.05).Amongthe26
patientswhounderwentlaserphotocoagulation,serum
Ang-2andVEGFlevelssignificantlydecreased(both
<0.05),whereasserumAng-1levelandAng-1/Ang-2
ratiowereweaklyincreased(>0.05).Themedianlevels
ofAng-2andVEGFinserumwerehighestinPDRgroup,
however,Ang-1/Ang-2ratioofPDRgroupwaslowestin
threegroups.
· CONCLUSION: Laser photocoagulation can reduce
serumAng-2andVEGFlevels.TheAng/Tiesystemand
VEGFplayanimportantroleinthedevelopmentand
progressionofT2DMpatientswithPDR.
· KEYWORDS: angiopoietin;receptor proteintyrosine
kinase;diabetesmellitus; type2;retinopathy;laser
photocoagulation
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INTRODUCTION
D
iabeticretinopathy(DR)isacommonmicrovascular
complicationofdiabetes.Itcanleadtoblindnessand
severelyimpairsthequalityoflifeofdiabeticpatients.The
onsetandprogressionofDRinvolvevariousmechanisms
includingdisordersinbloodcoagulationandhemodynamics,
oxidativestress,aswellasmultipleneovascularization-
stimulatingcytokinessuchasvascularendothelialgrowth
factor(VEGF),epidermalgrowthfactorandangiopoietin
(Ang)
[1].Ofthese,VEGFisakeyregulatoryfactor.
Microcirculatorydisordersresultinretinalhypoxia,which
ultimatelyincreaseVEGFexpression multiplepathways,
andthusplayakeyroleinthedevelopmentofproliferative
diabeticretinopathy (PDR).Recentresearchhasshownthat
Angisalsoanimportantfactorthatregulatesthegrowthof
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newbloodvessels.
TheAngfamilyconsistsofagroupofangiogenicfactors
includingAng-1,Ang-2,Ang-3andAng-4.Allmembersof
thisfamilybindtothetyrosinekinasewithimmunoglobulin
andepidermalgrowthfactorhomologydomains(Tie-2)on
endothelialcells.Ang-1andAng-2havebeenrelativelywell
studied.BindingofAng-1orAng-2totheTie-2receptoron
endothelialcells,inducesitsphosphorylation,whichregulates
physiologicalandpathologicalvascularizationbyAng/Tie
pathway
[2-4].Joussen
[5] researchshowedthat,
diabetes-associateddamageoftheblood-retinalbarrierwas
inhibitedbyAng-1inadose-dependentmanner,indicating
thatAng-1hasaprotectiveeffectagainstDR
[5,6].While
Ang-2wasfoundtoenhancevascularbuddingandincrease
vascularpermeability,thencausesthepathologicalchanges
inretinopathy.Theyactinanagonisticorantagonistic
manner
[7].So,thebalancebetweenAng-1andAng-2,
togetherwithAng/Tiesignalingpathways,playessential
rolesinangiogenesisofretina.Recentpublicationshowed
thatAng-2levelsweresignificantlyincreasedintheDR
patients,butfewinvolvetherelationofAng-1/Ang-2ratio
withtheDR.
ThedevelopmentofnewvesselsmarkstheonsetofPDR.
RecentstudieshaveshownthattheexpressionofAng-2and
VEGFintheretinaareincreasedinPDR.Ang-2andVEGF
havesynergisticeffectsintermsofpromotingvascular
permeabilityandtogetherstimulateretinalneovascularization
[8].
AccordingtoPeters
[9],treatingpigretinalvascular
endothelialcellswithAng-2orVEGFaloneincreasedthe
permeabilityofretinalvascularendothelialcellsby30%-100%.
However,whenthecellsweretreatedwithVEGFandAng-2
simultaneously,permeabilityincreasedby300%,suggesting
thatvascularpermeabilityisremarkablyincreasedinthe
presenceofbothVEGFandAng-2.
Laserphotocoagulationiscurrentlythemosteffectivewayto
treatPDR.However,theeffectsofthisprocedureonAng-1,
Ang-2andVEGFremainunclear.Sincehypoxiacan
upregulatetheexpressionofVEGFandAng-2,we
speculatedthattheimprovementsinhypoxiafollowinglaser
photocoagulationmaydownregulateVEGFandAng-2levels.
Therefore,inthisstudy,wemeasuredserumlevelsofAng-1,
Ang-2,Tie-2receptor,VEGFandcalculatetheratioof
Ang-1toAng-2beforeandafterlaserphotocoagulationto
investigatetheroleoftheAng/TiesysteminPDR.
SUBJECTSANDMETHODS
Patients Atotalof160inpatientswhoweretreatedinour
departmentbetweenFebruary2011andJanuary2012were
enrolledinthisstudy.Type2diabetesmellitus(T2DM)was
diagnosedbasedonthe1999WorldHealthOrganization
criteria.ThestagingofretinopathywasbasedontheDR
stagingcriteriaestablishedatthe1985NationalConference
onFundusDisease.DRwasdividedintonon-PDRgroupand
PDRgroup.Basedonthesecriteria,thepatientsconsistedof
50patients(30malesand20females)withnon-DRgroup,
58patients(32malesand26females)withNPDRgroup,and
52patients(30malesand22females)withPDRgroup.
Twenty-sixpatientswithPDR(14malesand12females)
underwentlaserphotocoagulation,andthesameparameters
weremeasured2moaftertheprocedure(PDR-LPgroup).DR
wasconfirmedbyfundusfluoresceinangiography,whichwas
performedbythesameophthalmologistattheDepartmentof
Ophthalmologyinourhospital.Allofthepatientswerenaive
toretinallaserphotocoagulation.Patientswithliverorkidney
dysfunction, cancer,cerebrovasculardisease (including
myocardialinfarction,cerebralinfarction,andperipheral
arterydisease), deepveinthrombosis,uncontrolled
hypertension(>160/95 mmHg)orwhowereusing
angiotensin-convertingenzyme inhibitorswereexcluded
fromthisstudy.Allpatientswerefullyinformedandsignthe
consentform.ThestudywasapprovedbytheEthics
CommitteeofShaoxingPeople'sHospital.
Methods Physicalexaminationfindingsandmedicalhistory
wererecordedforallsubjects.Afteranovernightfastof10h,
thepatientswereaskedtorestfor20minandvenousblood
samplesweretakenforbiochemicaltests,includingfasting
plasmaglucose(FPG),completebloodcount,triglyceride
(TG),totalcholesterol(TC),lowdensity lipoprotein
(LDL-C),glycosylatedhemoglobin(HbA1c),liverand
kidneyfunction.Bloodpressure(systolicbloodpressure,
SBP;diastolicbloodpressure,DBP),bodyweight,andbody
heightweremeasured,andbodymassindex (BMI)was
calculated.Then75goralglucosetolerancewereperformed
(2hpost-loadglucose,2hPG).Ophthalmicexamination,
fundusfluoresceinangiography,electrocardiography,chest
radiography,abdominalB-ultrasoundscanningandother
examinationswerealsoperformed.
FormeasurementofAng-1,Ang-2,VEGF,andTie-2,serum
sampleswereseparatedbycentrifugingbloodat2000r/min
for15min,andstoredat-80益.Enzyme-linedimmunosorbent
assays(Boster,Wuhan,China)were performedand
absorbance measuredusingaBiochrom Anthos2010
MicroplateReader(Autobio,Zhengzhou,China).Standard
productsandqualitycontrolproductsprovidedineachkit
wereusedtolimitmeasurementerror.Otherlaboratory
parametersincludedTG (glycerol phosphate oxidase
method),TC(enzymaticcolorimetry),HbA1c(affinity
chromatographyassay),FPGand2hPG (glucoseoxidase
method).
Statistical Analysis Continuousdataareexpressedas
mean 依standarddeviation.Ang-2andVEGFlevelsare
represented as medians(IQR)becausetheywere
649non-normallydistributed.Comparisonsamongthreegroups
wereperformedusinganalysisofvariance(ANOVA)or
Kruskal-Wallistestdependingonthedistributionofthe
parameter.Comparisonsbetweentwogroupswereperformed
usingWilcoxontest.Spearman'scorrelationtestwas
performedtoassesspossibleassociationamongAng-1,
Ang-2,VEGFandTie-2levels.Logisticregressionanalyses
wasusedtoidentifyfactorsassociatedwithDR.Datawere
analyzedusingSPSS13.0software.Valuesof <0.05were
consideredstatisticallysignificant.
RESULTS
PatientCharacteristics AsisshowninTable1,theage,
bloodpressure,HbA1c,TC,TG,BMI,FPGand2hPGwere
notsignificantlydifferentamongtheNDR,NPDRandPDR
groups(all >0.05).However,thedurationofdiabeteswas
significantlylongerinthePDRgroupthanintheNPDR
( <0.01)andNDR( <0.05)groups.
ComparisonofSerumAng-1,Ang-2,VEGFandTie-2
levels AsisshowninTable2andFigure1,Ang-2and
VEGFlevelsweresignificantlydifferentamongtheNDR,
NPDRandPDRgroups(both <0.01).ThemedianAng-2
andVEGFlevelsinthePDRgroup(6.26ng/mLand
531.2pg/mL,respectively)weresignificantlyhigherthan
thoseintheNPDRgroup (4.23ng/mLand303.2pg/mL,
respectively)andNDRgroup(2.67ng/mLand159.8pg/mL,
respectively) (all <0.01).Theywerealsohigherinthe
NPDRgroupthanintheNDRgroup(both <0.01).By
comparison,themedianAng-1levelwasnotsignificantly
differentbetweenthePDRandNDRgroups(9.54
9.31ng/mL),butwassignificantlyhigherintheNPDRgroup
(10.77ng/mL, <0.05 PDRandNDR).Nosignificant
differenceswerefoundinTie-2levelsamongtheNDR
(3.54ng/mL),NPDR (3.69ng/mL)andPDRgroups
(3.91ng/mL)( >0.05).
ComparisonoftheLevelsofAng-1/Ang-2Ratio Asis
showninTable2,theratioofAng-1/Ang-2inPDRgroup
(1.49, range 1.21-2.20)weresignificantlydecreased
comparedtoNDR(2.69,range1.81-4.45)andNPDRgroup
Figure1SerumAng-2,Ang-1,andTie-2levelsamongthe
NDRgroup,NPDRgroup,andPDRgroup.
Table 1 Patient characteristics 
Items  NDR (n=50)  NPDR (n=58)  PDR (n=52)  F  P 
Age (a)  51.1±12.0  53.8±9.9  54.2±10.2  1.277  0.282 
Duration of diabetes (a)  2.52±4.01  3.98±3.85  6.6±6.71
a,c  8.621  0.000 
BMI (kg/m
2)  23.6±3.6  23.9±3.0  23.9±3.5  0.151  0.860 
SBP (mm Hg)  121±14  126±14  128±16  2.677  0.072 
DBP (mm Hg)  73.7±8.1  75.3±7.7  76.6±8.3  1.693  0.187 
HbA1C (%)  9.97±2.35  9.18±2.37  9.01±2.38  2.417  0.093 
FPG (mmol/L)  11.73±4.21  11.45±3.36  11.35±4.41  0.120  0.887 
2hPG (mmol/L)  22.74±6.14  22.53±6.04  21.95±5.95  0.237  0.789 
TC (mmol/L)  5.12±1.25  5.05±1.27  5.72±2.14  2.801  0.064 
TG (mmol/L)  1.65±0.90  1.69±1.19  2.65±3.86  2.981  0.054 
LDL-C (mmol/L)  2.69±0.78  2.66±0.90  3.04±1.40  2.229  0.111 
aP<0.01 vs NDR; 
c P<0.05 vs NPDR. 
Table 2 Serum Ang-1, Ang-2, VEGF, Tie-2, and Ang-1/Ang-2 ratio levels among the NDR group, NPDR 
group, and PDR group 
Items  NDR (n=50)  NPDR (n=58)  PDR (n=52)  Χ
2  P 
Ang-1 (ng/mL)  9.31 (7.79-11.64)  10.77 (9.01-12.07)
a  9.54 (8.64-11.4)  8.742  0.013 
Ang-2 (ng/mL)  2.67 (1.41-4.25)  4.23 (2.51-5.48)
b  6.26 (4.16-8.01)
b,d  37.033  0.000 
Ang-1/Ang-2  2.90 (1.94-6.40)  2.69 (1.81-4.45)  1.49 (1.21-2.20)b,d  27.955  0.000 
VEGF (pg/mL)  159.8 (40.8-376.4)  303.2 (80.1-527.1)
a  531.2 (299.2-867.6)
b,d  28.541  0.000 
Tie-2 (ng/mL)  3.54 (2.84-4.45)  3.69 (3.18-4.41)  3.91 (2.65-5.38)  0.910  0.635 
aP<0.05 and bP＜0.01 vs NDR; dP<0.01 vs NPDR. 
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(2.90,range1.94-6.40), ( =-4.612,-4.479,respectively,
both <0.01).Butwasnotsignificantlydifferencebetween
NPDRandNDR (Z=-0.949, =0.343).TheAng-1/Ang-2
ratioinPDRgroupwasapproximatelyhalfthatinNDR
group.
CorrelationAnalysis InPDRgroup,Spearmancorrelation
analysisshowedthatAng-2waspositivelycorrelatedwith
VEGF(=0.301, =0.03)andTie-2(=0.278, =0.046).
Similarly,Ang-2waspositivelycorrelatedwithVEGF( =0.381,
=0.003)andTie-2(=0.284, =0.031)intheNPDR
group.Bycomparison,Ang-2waspositivelycorrelatedwith
VEGF( =0.288, =0.043)butnotwithTie-2( =0.084,
=0.573)intheNDRgroup.Ang-2wasnotcorrelatedwith
ageorFPGinanyofthethreegroups.
EffectsofLaserPhotocoagulationonAng-1,Ang-2,
VEGF,Tie-2andAng-1/Ang-2RatioLevels Serum
Ang-2andVEGFlevelssignificantlydecreasedafterlaser
photocoagulation(both <0.05;Table3).Incontrast,Ang-1
levelandthe Ang-1/Ang-2ratioincreasedafterlaser
photocoagulation,althoughthischangedidnotreach
statisticalsignificance( >0.05).
MultivariateLogisticRegressionAnalysis Multivariate
logisticregressionanalysiswasperformedusingDRasthe
dependentvariable(yes=1,no=0)andage,durationof
diabetes,BMI,SBP,DBP,FPG,2hPG,HbA1c,TC,TG,
Ang-1,Ang-2,Tie-2andVEGFasindependentvariables.
ThisanalysisrevealedthatAng-2( 茁 =-0.402, =0.002),
VEGF( 茁 =-0.002, =0.028),durationofdiabetes( 茁 =-0.124,
=0.033)andHbA1c( 茁 =-0.106, =0.043)were
independentriskfactorsforDR.
DISCUSSION
ThepathologicalchangesassociatedwithDRinclude
selectivelossofretinalcapillarypericytes,microaneurysm
formation,vascularleakageandneovascularization.The
pathogeneticmechanismsarecomplicated.Recentstudieson
itspathogeneticmechanismshavemainlyfocusedongrowth
factors,particularlyVEGFandAng-2.Ithasconsistently
beenreportedthatthelevelsofAng-2andVEGFinthe
retinaandserumareincreasedduringDR
[10-12].The
synergistic actionsofAng-2andVEGF promote
hypoxia-inducedretinalneovascularization,apathological
featureofPDR.AlthoughbothAng-2andVEGFare
associatedwiththeseverityofretinopathyandtheirserum
levelsincreaseremarkablyduringPDR,theAng-1/Ang-2
ratioandthechangesoftheseparametersafterlaser
photocoagulationremainunclear.
Inthepresentstudy,wefoundthattheserumAng-2and
VEGFlevelsweresignificantlyhigherinpatientswithPDR
orNPDRthaninpatientswithoutDR( NDRgroup).
TheselevelswerealsohigherinthePDRgroupthaninthe
NPDRgroup,suggestingthatserumAng-2andVEGFlevels
areassociatedwiththeseverityofDR.Accordingto
Hackett
[11],theexpressionofAng-2onthesurfaceand
intheinnernuclearlayeroftheretinaincreasedeitherduring
embryonicdevelopmentoftheretinaandduringpathologic
neovascularizationinadults.Anotherstudyrevealedthat
Ang-2canpromotetheformationanddevelopmentofnew
vesselsinretinainresponsetohypoxia
[13].Hence,Ang-2is
associatedwithpathologicneovascularizationinpatientswith
PDR
[14].
Ang-2andVEGFlevelsweresignificantlycorrelatedwith
Tie-2level,suggestingthattheAng/Tiesignalingsystemmay
interactwithVEGFduringthedevelopmentofDR.
Microcirculatorydisordersresultinretinalhypoxia,which
leadtoincreasedVEGFexpression.Inaddition,VEGFand
hypoxiacanupregulatetheexpressionofAng-2
[15,16].
Therefore,VEGFandAng-2seemtointeractwitheachother
topromoteneovascularization.Manystudieshave
demonstratedthattheeffectofAng-2onvesselsisdependent
onthepresenceofVEGF
[8,9,17].IntheabsenceofVEGF,
Ang-2suppressestheabilityofAng-1tophosphorylateTie-2,
andthuscausevasculardegenerationandendothelialcell
apoptosis.InthepresenceofVEGF,Ang-2promotes
vascularization,whichisaccompaniedbyincreasedvascular
permeability.Therefore,thesynergisticeffectsofAng/Tie
andVEGFshouldbecarefullyconsideredwhenattemptingto
reducevascularpermeabilityinDR
[18].
WealsofoundthattheserumAng-1levelwassignificantly
higherinpatientswithNPDRthaninthosewithoutDRand
thosewithPDR.ThissuggeststhatserumAng-1levels
Table 3 Effects of laser photocoagulation on serum Ang-1, Ang-2, VEGF, Tie-2 and Ang-1/Ang-2 ratio levels 
in patients with PDR 
Items  Before laser 
photocoagulation 
After laser 
photocoagulation  Z  P 
Ang-1 (ng/mL)  9.57 (8.97-11.56)  9.93 (8.73-11.18)  -0.826  0.409 
Ang-2 (ng/mL)  6.60 (3.13-7.34)  6.37 (2.55-7.37)a  -2.019  0.043 
Ang-1/Ang-2  1.45 (1.25-2.33)  1.51 (1.27-2.78)  -1.740  0.082 
VEGF (pg/mL)  487.8 (317.9-837.0)  451.4 (323.4-710.5)
a  -2.095  0.036 
Tie-2 (ng/mL)  3.05 (2.43-4.03)  3.04 (2.27-3.66)  -1.689  0.091 
aP<0.05 vs   the pre-operative level. 
651increaseduringearlyDR,whichmayrepresentanadaptive
compensatorymechanismtopromote/supportcellularrepair,
maintaintheintegrityofendothelialcells,promotethe
maturationandstabilizationofnewmicrovessels,and
strengthentheintegrityofthevascularstructure
[5,19].Since
bothoftheAng-1andAng-2competeforthesameTie-2
receptorandcauseappositeeffectsconcerningangiogenesis,
therefore,itisnotsufficienttomeasureonlyoneangiopoietin
[20].
Inthestudyofmalignantmelanoma,decreasedAng-1/Ang-2
ratiomadeangiogenesismoreeasy,andshowedprogression
ofthetumor
[21].Sowecalculatedtheratiobetweenthetwo
antagonisticangiooietin,whichmaybeabetterparameterto
assessthebalanceoftheongoingangiopoietinprocess.
Accordingtoourmeasurement,theratioofAng-1/Ang-2
begantodeclinewhenatNPDRstage,suggestingthatthe
balancebetweenAng-1andAng-2hasalreadybeenbroken
intheearlyperiodofDR.WiththeaggravationofDR,an
increasedlevelsofAng-2andlittlechangedlevelsofAng-1,
shiftthebalancetowardsangiogenesis.theAng-1/Ang-2ratio
inPDRgroupwasapproximatelyhalfthatinNDRgroup.
TheserumAng-1andAng-1/Ang-2ratioincreasedafterlaser
photocoagulation,althoughpostoperativelevelswerenot
significantlydifferentfromthepreoperativelevels.Asa
naturalantagonistofAng-1,Ang-2cancompetitivelybindto
Tie-2,andthusblockthevessel-stabilizingeffectofAng-1.
InthepresenceofVEGF,Ang-2competitivelyinhibitthe
effectofAng-1,disruptingtheconnectionwithendothelial
cellsandincreasingvesselpermeability andinducing
hypoxia-relatedretinalneovascularization
[16].Increasesinthe
Ang-1/Ang-2ratiocanhelpvesselstabilization.Therefore,
increasingtheAng-1/Ang-2ratiobyincreasingAng-1or
decreasingAng-2levelsmayrepresentanewtherapeutic
targetforDR.However,thethresholdsoftheAng-1/Ang-2
ratiothatmaybenefitvascularstabilitystillneedtobe
established.
Tie-2levelswerenotsignificantlydifferentamongthethree
groupsofpatients,orbetweenbeforeandafterlaser
photocoagulation.TheseresultsindicatethatTie-2levels
maybenotassociatedwiththeseverityofDR.
Inourcurrentstudy,wealsofoundthattheserumAng-2and
VEGFlevelssignificantlydecreasedafterlaser
photocoagulationinpatientswithPDR.ThechangeofVEGF
isconsistentwiththosereportedinotherstudies
[22,23].Laser
photocoagulationiscurrentlythemosteffectivewaytotreat
PDR.Byblockingtheretinalneovessels,microangiomas,and
diseasedcapillariesandsmallvessels,laserphotocoagulation
candestroythehypoxicretina,lower itsoxygen
consumption,andultimatelyimprovethehypoxicstatusof
theretina.Sincehypoxiacanupregulatetheexpressionof
VEGFandAng-2,improvementsinthehypoxicstatusafter
laserphotocoagulationmaydownregulateVEGFandAng-2
levels.However,wefailedtoseeanincreaseinAng-1/Ang-2
raitoreachedstatisticsignificanceafter laser
photocoagulation,consideringthatthismayrelatetothe
relativelyshortfollow-uptime.Furthermore,onestudy
showedthatthedecreaseinserumAng-2andVEGFlevels
afterpanretinallaserphotocoagulationwasnotstatistically
significant
[24].Oneexplanationfortheirfindingmaybethat
diabeticpatientswithretinopathyalsohaveunderlying
atherosclerosisand/ormacroangiopathy,whichcanaffect
Ang-2andVEGFlevels.Inthecurrentstudy,weattempted
toexcludepossibleeffectsoftheseconfoundingfactors.
MultivariatelogisticregressionanalysisshowedthatAng-2,
VEGF,durationofdiabetesandHbA1cwereindependent
riskfactorsforDR.Therefore,serumAng-2andVEGF
levels,durationofdiabetesandHbA1cmayhelpcliniciansto
predicttheseverityofDR.
Inourstudy,althoughwetriedtoavoidpossibleeffectsof
factorssuchashypoxic/ischemicdiseases,itispossiblethat
unidentifiedtumor(s)andunderlyingischemiccardiovascular
andcerebrovasculardiseasesmayinfluencethelevelsof
Ang-2andothermarkers.
Insummary,ourstudydemonstratedthatserumAng-2and
VEGFlevelswereremarkablyincreasedinT2DMpatients
withPDRandinthosewithNPDRcomparedwithpatients
withoutDR,andtheAng-1/Ang-2ratioinPDRgroupwere
significantlydecreasedcomparedtoNPDRgroupandNDR
group.Notably,serumVEGFandAng-2levelswere
downregulatedafterpanretinallaserphotocoagulationin
diabeticpatientswithPDR.Therefore,serumAng-2and
VEGFlevelsareassociatedwiththeseverityofPDRin
T2DMpatients.TheseresultsindicatethattheAng/Tie
system,togetherwithVEGF,playsanimportantroleinthe
onsetandprogressionofPDR.
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